To study the response of carrot crop (Daucus carota L.) to foliar application of different potassium fertilizers and some soil amendments i.e., magnetite iron and humic substances (granules or powder) under clay soil conditions, two field experiments were conducted during winter seasons of 2014 and 2015 at the Horticulture Experimental Station of Agriculture Ministry, ElBaramon Experimental Farm, Dakahlia Government, Egypt. The obtained results revealed that humic substances granules or magnetic iron caused marked increases on vegetative growth, yield and NPK uptake in both shoots and roots of carrot plants. Potassium foliar application caused significant increasing on previously mentioned characters as well as carbohydrate and carotenoids content in roots. In addition, potassium foliar application caused significant increasing on previously mentioned characters, which showed a progressive increase in its content with application KNO 3 compared with other sources of potassium. There were statistically significant increases in plant growth, yield, carotenoids, carbohydrate and NPK contents of carrot due to humic substances granules treatment especially under application of potassium nitrate. Finally, the foliar application of potassium nitrate integrated with humic granules or magnetic iron was the best combination and it is recommended for increasing productivity and improving root quality of carrot (cv. Chantenay) under clay soil conditions.
INTRODUCTION
Optimum economical yield is needed appropriate quantities of nutrients which supply to the crop. Nutrients uptake within plants affected by soil properties such as texture, soil reaction (pH), cation exchangeable capacity and capability of soil to hold the water. In this respect, soil amendments i.e. humic acid and magnetic iron improve these characterizes (Canellas and Olivares, 2014) . Also, humic acid stimulates plant growth by acting on mechanisms involved cell respiration, photosynthesis, enzyme activities, protein synthesis and nutrient uptake (Nardi et al., 2002; Zhang and Ervin, 2004) . In addition, humic substances have extensive a soil conditioner, fertilizer and soil supplement (Nardi et al., 2002; Albayrak and Camas, 2005; Selim et al., 2009 and Mosa, 2012) .
The application of humic substances has been reported to improve plant growth and chemical composition and reflected in higher crop yields and quality on watermelon (Salman et al., 2005) , potato (Selim et al., 2009) , broccoli plant (Selim and Mosa, 2012) and squash (El-Masry et al., 2014) . Moreover, El-Shabrawy et al., (2010) found that the soil application of humic acid gave the highest values of growth, yield and nutritional status of cucumber plants.
At last years, the use of humic acid within farmers as natural promoting substances has increased in due to its specific properties of being environmentally friendly and easily degradable. Numerous researchers concluded that enhancing effect of humic acid on growth, nutrients uptake and yield of vegetable plants. Improving soil properties can be induced by using magnetite (magnetic iron) which is one of the most useful factors affected on plant growth; magnetic iron has a black or brownish-red color, it is a natural row rock that has very high iron content (Mansour, 2007) . It has been reviewed that the positive effect of magnetic treatment may be attributed to paramagnetic properties of some atoms in plant cells and some pigments such as chloroplasts, magnetic properties of molecules determine their ability to attract and then change the energy of a magnetic field in other types of energy and to transfer this energy to other structures in plant cells, thus activating them (Aladjadjiyan, 2010) . Magnetic field plays an important role in cation uptake capacity and has a positive effect on immobile plant nutrient uptake, such as Ca and Mg (Esitken and Turan, 2004) .
Generally, potassium plays some unique and useful roles that catalyze the metabolic activities at the cellular and organ levels which results in an elevation in energy conversion, carbohydrate assimilation (Johanston, 1997 and Krauss, 2003 and Abdalla, et al., 2009 . Moreover, potassium can also exert a favorable effect on root development.
Carrot (Daucus carota L.) is a root vegetable, inherent to southwestern Asia and Europe. Generally, the taproot is the most eaten part of the plant, although the shoot is seldom eaten in some countries. Further, carrot plants (Daucus carota) are considered a good source of vitamin B6 (11% DV) and vitamin K (13% DV), but otherwise have modest content of other essential nutrients (Iorizzo et al., 2013) .
Considering the above facts, the present study was undertaken to investigate the effect of some soil amendments such as magnetic iron and humic substances as well as potassium sources on growth, yield and NPK content as well as the quality of carrot under clayey soil conditions.
MATERIALS AND METHODS

Location of the experiment:
Tow field experiments were laid out during successive growing seasons of 2014 and 2015 at the Horticulture Experimental Station of Agriculture Ministry at El-Baramon Experimental Farm, Dakahlia Government, Egypt, to study the combined effect of magnetite and humic substances i.e., granules or powder as soil amendments integrated with different sources of potassium as a foliar application on quality and yield of carrot (Daucus carota L.) cv. Chantenay.
Soil sampling:
The selected soil has a clayey texture soil. The representative samples were taken before sowing in the two seasons for physico-chemical analysis. The soil pH value was 8.21, EC was 0.9dSm -1 and 1.33 % organic matter. Soil available N, P and K contents were 43.4, 4.48 and 181 mg kg -1 soil for the first season, and 42.1, 4.41 and 177 mg kg -1 for the second season, respectively. Soil analysis was done using the standard method described by Jackson (1967) .
Experimental design and treatments:
The experiment was laid in split-plot design with three replicates; main plots were occupied with soil amendments sources; magnetite 200 kg fed -1 and 20 kg fed -1 of humic substances granules and powder compared with untreated. While, the sub-plots were assigned with three sources of potassium fertilizers as foliar application potassium nitrate (KNO 3 ), potassium thiosulphate (KSO 3 ) and potassium sulfate (K 2 SO 4 ) which added with the rate of 5g K L -1 after 50 and 70 days, from sowing date in two seasons, respectively.
Phosphorus and potassium were broadcasted and incorporated during seed bed preparation according to recommendations of Agriculture Ministry. The recommended dose of nitrogen was added in a split application at 50% added preplanting and 50% after fifty days sowing. Plants were thinned after four weeks of sowing and the cultural practices and pest control were done as practiced by the local growers.
Cultivation:
The soil amendments were broadcast on 15 September 2014 and 23 September 2015 at preplant on the bed seeds of carrot rows. Carrot seeds were planted on 17 Sept. and 28 Sept. 
Plant sampling and chemical analysis: -
At harvest time (130 days after sowing), ten plants were randomly chosen from each sub-plot to record the plant fresh weight, root fresh weight, root length, root dry weight as well as carotenoid in roots. Further, all plants were weighted to estimate the yield of roots per plot in kg. Random plants were selected from each plot and be ready for chemical analysis. The organs of the plant were oven dried at 70°C; ground using stainless steel equipment to analyze N, P and K contents in both shoot and root. To achieve that, 0.2 g was digested by the mixture of sulfuric (H 2 SO 4 ) and perchloric (HClO 4 ) acids (1:1) and nitrogen was determined using macro-Kjeldahl method according to Hesse (1971) While, phosphorus was determined calorimetrically at wavelength 430 nm using a spectrophotometer (Spekol) as described by (Cottenie et al., 1982) . Total phosphorus was determined colorimetrically at wavelength 480 nm using spectrophotometer (Spekol) as described by Cottenie et al., (1982) . Total potassium was determined by using Gallen Kamp flame photometer as mentioned by Black (1965) . Total carotenoids in roots were determined by using a spectro-colourimeter according to Wettstein (1957) . Carbohydrate content in roots was determined according to Dubois et al., (1956) .
Statistical analysis:
Based on a two-way ANOVA, the effect of soil amendments and K-foliar application as well as their interactions were evaluated according to the procedure outlined by Duncan (1955) using CoStat (Version 6.303, CoHort, USA, 1998 . Means of treatments were considered significantly different using the leastsignificant-differences test (LSD) at the confidence level of 5% according to Gomez and Gomez (1984) .
RESULTS AND DISCUSSION
Plant growth parameters: -
Data listed in Table 1 show that the soil amendments had a significant effect on root length, root fresh and dry weights in the two seasons. The highest men values of root length, fresh and dry weights of root were 15. 89 and 14.47cm, 115.49 and 152.82, 21.33 and 20.41g plant -1 obtained from the application of humic granules during both seasons, respectively. These followed by (14.07 and 12.57cm, 87.47 and 111.1, 20.03 and 19.88g plant -1 ) with magnetic iron treatment during both seasons. On the other hand, the lowest mean values of studied parameters were 10. 82 and 11.71cm, 65.38 and 87.69, 16 .87 and 15.67g plant -1 produced from without application. This increasing most probably was due to the improvement of water holding in the soil and supply the nutrients in the rhizosphere area of the plant (Selim et al., 2009) Regard with effect of K-sources, potassium nitrate (KNO 3 ) as a foliar application increased significantly all studied parameters more than other sources in both seasons. Moreover, humic substances granules plus KNO 3 was the superior treatment in increasing root length, fresh and dry weights of root in both seasons. The results of humic granules could be due to the role of humic acid which enhances photosynthetic process, stimulate root growth and development of chlorophyll and proliferation of desirable micro-organisms in soil (Liu et al., 1998) . In addition, the slow release of humic acid from granules compared to humic powder. In this respect, Sadek and Youssef (2014) found that compost tea, K-humate and effective microorganism treatments enhanced available nitrogen in soil and soil organic matter and reduced soil pH compared to chemical treatment. Also, Belyavskaya (2001) found that magnetic treatment significantly induces cell metabolism and mitosis meristematic cells of lentil, pea, and flax. Furthermore, the formation of new protein bands in plants treated with magnetic iron may be responsible for the stimulation of all growth, and promoters in treated plants. In this respect, Çelik et al. 2008 mentioned that the increase in the percentage of plant growth was due to the effect of magnetic field on cell division and protein synthesis in paulownia node cultures.
Root yield:
The results in , 10.50 and 11.30 kg plot -1 produced from the unamended treatment. Also, the benefit effect was shown by application of potassium foliar as KNO 3 , KSO 3 , and K 2 SO 4 respectively. These results are aligned with those obtained by Salman et al., (2005) who showed that the positive responses were obtained by application of humic acid. The growth promoting the activity of humic substances was caused by plant hormone-like material in the humic substances (Zhang and Ervin, 2004) . Further, Canellas et al., (2008) demonstrated that humic substances improve organic acids exudation by roots resulting in variations in morphological properties such as lateral-root density, primary root length, number of lateral roots. In addition, humic acid improves the metabolism processing of plants Nardi et al., 1996) . These results suggest that K nutrition influences fresh weight by influencing carrot size and membrane integrity. Effects on cell water and osmotic potential are also important in this regard. 
Root quality indices:
Data presented in Table 2 showed that soil amendments significantly influenced carbohydrate and carotenoids content of root. The given data indicated that there was a gradual increase in the concentration of carbohydrate and carotenoids content by adding humic granules, magnetic iron, and humic powder, respectively compared with unamended treatments. This result was true for both growing seasons. In addition, obtained results in the same Table illustrated that foliar potassium application caused a gradual increase in these parameters concentration of roots. The highest concentration of both mentioned above was detected under the humic granules with potassium nitrate, whereas the interaction between the treatments was significant in carbohydrate content only. Furthermore, Karimi et al. (2012) reported that magnetic field treatment enhances stress tolerance of plant by increasing water absorption, increasing WUE, and inducing proline accumulation and carotenoids content in plants leaves.
Macro-nutrients uptake: -
Nutrients uptake of carrot shoots was significantly increased due to the soil amendments plus potassium foliar application as shown in Table 3 . Values in each column followed by the same letters are non-significant different at P ≤ 0.05.
In the current study, the different soil amendments had a significant effect on N, P and K nutrients uptake in shoots during both growing seasons. Humic granules and magnetic iron led to gradual significant increasing N, P and K nutrients uptake in shoots compared with humic powder application. Concerning the potassium fertilizers, the superiority in N, P and K uptake were observed with KNO 3 application compared with other three treatments during both seasons. While, the minimum means were obtained under control treatment. As the combination of soil amendments and K-sources, data showed that humic granules and magnetic iron with KNO 3 application foliar revealed the highest significant means of NPK uptake in shoots of carrot compared with the other treatments. The highest mean values of absorbed N, P and K nutrients by shoots were 809.88 and 789.42 for N, 31.24 and 27.03 for P, 630 and 540.57 mg plant -1 for K obtained from the application of humic granules plus KNO 3 source during both seasons, respectively. On the other hand, the lowest mean values of N, P and K uptake of shoots were 403.48 and 341.39 for N, 10.35 and8.97 for P, 265.92 and 252 .53 mg plant -1 occurred with the absence of soil amendment treatment. The present results were conflicted with those obtained by Sudhakar et al. 2002 , Abd El-Al 2003 , Esitken and Turan 2004 , Taha et al. 2011 and Yusuf and Ogunlela 2015 In addition, the results revealed that soil amendments positively affected the nutritional status of carrot roots. Plants treated with humic granules had significantly increased root uptake NPK nutrients compared with untreated plants as presented in Table 4 .
Moreover, all previously mentioned characters were progressively and significantly increased with potassium application as the following order; KNO 3 > KSO 3 > K 2 SO 4 respectively. Results revealed that the interaction between different soil amendments and different sources of potassium foliar application had promoted effect on N, P and K nutrients in root tissues. Soil application of humic granules combined with foliar KNO 3 which gave the highest significant means in N, P and K nutrients uptake compared with other treatments. Oppositely, the lowest one was obtained by the absence of soil amendment treatment (control) plus foliar application of K 2 SO 4 during both seasons. Further, the stimulatory effect of magnetic treatment may be attributed to the improved in capacity for nutrient and water uptake.
Providing greater physical support to the developing shoot, better root growth and development in young seedlings might lead to better root systems throughout the lifetime of a plant (Taha et al., 2011) . Similar findings mentioned by Machado et al., (2004) and Ibrahim and Kazim (2008) . Also, De Souza et al., (2005) recorded that magnetic treatments led to a remarkable increase in plant root and stem height as well as fresh and dry weights during the nursery period of the tomato plant. The magnetic field may play an important role in cation uptake capacity and has a positive effect on immobile nutrient uptake by the plant, for example with Ca and Mg nutrients (Esitken and Turan 2004) . Values in each column followed by the same letters are non-significant different at P ≤0.05.
CONCLUSION
The obtained results concluded that the all previously mentioned characters were progressively and significantly increased with foliar application of potassium fertilizers as the following order; KNO 3 > KSO 3 > K 2 SO 4 respectively. Further, soil application of humic substances caused marked increases on vegetative growth, yield and N, P and K nutrients uptake in both shoots and roots of carrot plants as well as carbohydrate and carotenoids content as the following order; humic granules > magnetic iron >humic powder, respectively. Finally, the combination with soil application of humic granules and KNO 3 as the foliar application is considered as a promising technique for improving the productivity of carrot plant as well as a progressive increase in its uptake compared with other treatments under clay soil conditions.
